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(54) OPTICAL LOW-PASS RLTER 

(57)Abstract: 

PURPOSE: To form an image of high picture quality at any place on a 
solid state image pickup element by employing an optical low-pass filter 
which has a diffraction grating surface formed and, specially, forming the 
diffraction grating surface according to the resolution of a lens for 
photographing a subject. 

CONSTITUTION: The optical low-pass filter 1 has the inside of the 
diffraction grating surface 1a formed while divided by two into an optical- 
axis center part periphery 1a1 corresponding to a highresolution area 
nearby the optical-axis center part of a lens 4 and a peripheral part 1 a2 
corresponding to a low- resolution area at the periphery outside the 
optical axis center part of the lens 4. At this time, a wave-shaped 
diffraction grating K1 1 is formed unevenly at a close pitch P1 1 based 
upon a sin curve at the optical-axis center part periphery 1a1 and a 
wave-shaped diffraction grating K12 is formed unevenly at a rough pitch 
P12 based upon a sin curve at the peripheral part 1a2 in the diffraction 
grating surface 1a. 
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[*SffF8t#©8&B] 

tz%^m P -J\7. 7 >f X & -5 T , 

o x Blil3lH]#rtS?fflP , 9©@*ft& : P©tyf-4H!isHl'>X 

[W*B2] m^mitiM(D^ffjv-Axy >vf>\z 

HuiBii]ifi ! S : F0^^^(i^ifict3<t>spigfii4ggtcmj^-r.5 

[0 0 0 1 ] 

[3i£±©*OT#S] *|6W{ix t^Apt^, m^x 
^^^^©HttS&lii^fc^ffl^tu iHUf^ffl 

tt^*«»-rs U>X©S¥^fit:^oTlHl5TtS^ffl* 

BJES b tzih¥- m H -^7 7 -i fl *> t H t £ h © X- % 3 „ 
[0 0 0 2] 

[fi£*©ftfl5] -flSttt, t^*^<7, S?x?-;i/* 

offi&m&m?£m&2itx^z 0 ±.tmvm.m.m=t- 

ii. ^ISffliiilg45^i(43jrLTb* i feSfliJIEL<iBK$ 

tlx k-o. r.&jim-&Qmy>7'v>rm : i L x#>t). m 

■X© tf «y ^Ki±©iSjg tlX 1^3 i:#f !> £ 

bfc«fc£0{B*t#3S£bTL£5©T% Bftjg&Ml?© 

(G-^U->, Mg-v-»£>*) , (Cy->>7 
>, Ye--f3iD-) *mhlLtz&y >( frPTUJ *Wl 

ttfc»£CH\ JI^-rs^ftfc:e7>f;u^7'U-f© 1 
iffl© (G, Mg) *> (Cy, Ye) ©hT>;/f-fflS©JS$ 

*»E"T«fe»fc, fe7-< ;i/*7W©A!fffl<l5ICft^ 
[0 0 0 3] £©ffl©ft^$jn-v<*7-< /I/**: 

!?«n-/i^7-f;u^*«l«lB¥5-2 1 5 l^Sfg (m 
8#Ji) , 1 1 2 1 9*f&$8 (09#«O ft 



[0 0 0 4] H8ttf£*«C*W«-fl©3fe*(lljn-^ 
X7-fM*Ilt5tfeffl« H 9 ttft*«C* 

01 0iifi!*©^9«)D-7^7^;i/^Ci3itS 
MTF«ftt**bfcHTf»5. *1\ 08t^bfc- 
WO*^»n-yi^7-f ;i/*100 «^g8¥5 -2 1 5 1 

2 OAWiBfli:*Si8*ffilOZaffilt**at|n-^7-f 

;i/*100 ffl[l#rt&^M100a#7^— tM03 , 103 £fl-b 
T^£©^IB*PgTTttftbft#£f£H£*l,TV>3„ ^ 

fix B#sftamo2 oa«fflio2ifcfi7^;i/^ri"f 

bT^^Wn-^7>7-f ;i/*100 *»H1-5*J6*iB* 
£*l,TV>3„ *LT, H#tMft?K?102 ©Ji&ffil02affl 

&MS104 fcyW'r— *l0l ©HuSfcmDftltT^y^r 
-*lOl fl*8HLTV>5. 

[0 0 0 5] H9C^Lfcfll0|ffl*!?fl5lDWt^ 
7 ;i/^200 liftR? 5-11219 ^flCWS* ft 
T&»K P3«ttffl*^WD-/^7-Y;i/^200 ©@#rf& 
?S200attt^ 1 (Dfifalzm-DXtfL/vizn 1 ©lUfffe? 
200a, i:, *2©#ftfci&oT£A,je®2©[!#flfrF20 
0a 2 i:*sSlM3 9 0° «ft©ft«T!*i£LTJBjaU*ftT 

[0 0 0 6] bZZX*. ±fBLfc«*©*¥ffln-yt* 
7^;i/^100 , 200 (i, v->Tn<fe^[H*f$-a-T^©4) 
-3 Alt«^Sffl ^ t. T-ffi^ia^J5£»* ^ W tc # K 1" S 
fcfet:^ EUftS^SlOOa, 200aAs-SQ)lf^^-C-[H]O* 
^»)iibT^^*lTV>S*©T'fc5o Sfc. ^tl?>© 
*?«t|D-;U7-( ;i/^100 , 200 ©ElSftS^ffllOOa, 
200a©Hfl©lf^5 : -SD t fl^©n] > ^fl<)0->'^7-f 

;u^ioo , 200 tmfom&m^m (^.tt^7^)v^7 

Wn-/U7'( ;i/^l00 , 200 ttHi Ofc^bfcidfc 
MTF (Modulation Transfer Function )1fttS:}$*>, 

[0007] stot, s^^?,©^®^, aefi^© 
ioo , 200 ©MTFtmt*»a*BfBaaRf &*m%. 

[0 00 8] 

*©*^WD-/^7-(;i/^100 , 200 4fflV^^i:^ 1/ 
>X*abT}i^bfett^©^@^!g®^{cjig§i 

l-^i®t4csfiSffl€, ftfi«^**PEif*a*©©, 

*fWD-;i7 7-( ;i/^100 , 200 ©ElJffg^ffllOOa, 

200&&^?h§-%(DVy?-X'W{h$:mQ&LXWff8.2 

^lTV^S^»ffl■r?«:^^o 



[0009] bfrufctff,, fa^pf.(Dmm-rzv> 

2SHfcoT^£„ tot, QiMBIftjR^eDAatSMtltt 

lt5^D-;u 7 4 ;i/*©*»fjai£»£ b >X© 

Tf81\ @*f*8^ffll00a, 200a*«J5SLfcf**O 

^ftnwt^^l/^lOO , 200 TttHUfftt^ffilOO 
a, 200a#^r H* -£© If y ^-Zf IKfilS tlT O & & & 
l/>X©f?flfcKfc*&lrtH*H. d©fc». ft*©ft^ 
(tJU-rtZ7 4 ;i/^100 , 200 ©MTFRM, HI#f*S 
^ffilOOa, 200art£ftUcm^T I^>X©:)fe$fl4J/C>Sfo6$ 
fc£to*TL*3i:» B2SliiMlfc8iffi*ftTL* 
a. *^I$P-,MX 7 4 71^100 , 200 ©MTF 

tttt*» IDJftS^ffilOOa, 200trt±flsCMoTl/>X© 

+0T*5ft*&©ftfi*, ftfiS^<(«*tbTl^fe. 

[ooio] *zx\ i/vxowftitcistTigffft? 

[0011] 

* ©AlffillXttBiJfflBfl«a** C»ttfcfi7 4 
Mb, flo, Bul3lH]#ftS?fflrt©[Hl«ftS?©tr^^4al} 

[0 0 12] $2©ftifltiU ^ l©%93©%5*at| 

[0 0 13] 

*©-3Sfl£0ll£0 1 73S0 7 *#M LT»«CKH-r 

5. . 

[0 0 14] EUi*l6Mt«to5Sl~^3||ii«»J© 
©8rffi0, 02{i#2B$£&fc>3g5l^ffi0ij©^A<jD 

-XT. 7 4 ©II]#T*&?ffi©fl5tt£ U >X©-f * 

veiMifM?cDHA t bt * b 

0, H3ttH2fcjj*Ufc»lf$IS01®^a5n-7t*7 
-f ©ElJftS^ffi* X - XHCtt-aTlHffU fcflRffi 

0. 04 (A) , (B) li*«WKG&fca!|3 2£l60iJ© 



fe«)©IEffi0#tfX-XM»rffi0, 0 5 (A) , (B) 
tt**WtlR4j-5IB 3 gSJISWwa^Wn— vt* 7 4 
Oia*f»FiB©»tt*KW1-S)fe«)©jEiBHawx-X 
«»rffi0. 06 (A) ~ (C) tt*«Wt«bsai~ 
fi 3 mmm<Dft¥$)a-;\7> 7 4 )\>9 fc^WSMT FfS 
tt*ttWr«fe»©H» 0 7li*^ffl{c^t)S^l~® 
3Slli«©*?fl9D-yt^7-f;u^4aiffl-r5IB, U> 
XOMTF^tt (ffftK&a) *KW-rsfc»©Brtfifc 

&, (a) tti/>X0*«*it«at(o.oY), ifHuaa 

(0.7Y), 4M8Ha»(l.OY)*jj*LfcH, (B) tt-fl© 
W>X©MTFfttt*#«tfiifrS(o.OY), ff«22gfl 

(o.7Y), *M»na«(i.oY)©jpcwbfcia, (c) im 

«©l/>X0MTF4$tt**||||it»iC.a(O.OY), fRJiiS 
»(0.7Y)-, ^«fflH«(1.0Y)©«t*tfcH-Cft«. 
[0 0 15] HlC^Wt, 1*JE0J 

—)\7>7 4ft9 (2) J6V^3Slfli0II©^fl«JD-/^X 

7 4** (3) (i, #£&<S$^-5^HJ§&«fflgM£fl3 
HTHffl&^Bla, (2a), ( 3 a) #j»DIft 
ift«tt)-ftfl9t*ttCJBj«aF*iT*5^ l/>X4*a 
bT«*Ufe»3?*H©«l**©|II«fSil*3pJfflbTlHl 
S^iSla, (2a), ( 3 a ) * 6 BtttMMi? 5 

[0 0 16] ±IB8l~IM *««©*£« n-^x 7 
4**1, (2), (3) ©ElJfflfflBl a, (2 
a) , (3a) tt, Km©^y^-v6rt£JK#jbfc@. 
#»*3frF5©Aif®«K:;**i--tf-7, 7*^bTBf« 

H#»**F5fflAltM«£HU £}&(*©■# 5 a AC: 
HRfflHSl^^illA bT bfrfcgiJiiJjE b < Eg£ftfc 
««5b«^ti, M£}fg5ffl5b©ili?flK:*r(fcb 
Tj§&ffi5b±£li*ffi*S;fc<fc5 (G-^D->, M 
g~v-t?>*) , (Cy->T>, Ye->fxn-) 4 
IB 2: Uf:e7-f^7V-f 5 c ft 
BPt., »l~»3 2Si5H©ft3*ttn-/t;i7-f 
**1, (2), (3) ©Slffl&^iiila, (2 a), 
(3 a) #AatiB1l©&7'r;i'*7 > I''r 5 c h*t|Slb& 

1, (2), (3) ©IH#ftS?ffll a, (2a), (3 
a) fcHH*HTT**lSL;feAitffllb, (2 b) , 
(3 b) ttJpffliit:»iS*ftT*j?>, ^n?.©Altiiii 
b, (2b), (3b) 1H(*/W4r-3?6©Bi>#lCRIt 

6rt©*¥fl9D-^7'f;^l, (2), (3) ftW 

[0 0 17] uCT, ai~».3*Jfi«©*¥»n-^ 
X^Ml, (2), (3) ©@#f«?iBla, (2 
a) , (3a) 14, ^iE^5J:9Cl^>X4®»^JS!Rf 



t», »l~»3*lM!©*!9t«D-/^7-f;i/^ 1, 
(2), (3) <Dm&?mi a, (2a), (3a) 

ttfflWRVfi^-fA^TU'f 5 c® lifci© (G, Mg) 
4* (Cy, Ye) ©Kyf-fci-aTJMS-rattfifflMJ* 
»ffiTf*6«t^C«Js*d*l» -7^ l/>X4©*i*/i> 
SBffi&<fc !>ftfl©Ha»T«JIMfcK©ffi^x >J Zfcfljfo b 

SS£& <t 0 ftflre&Uft&flretll*] LTWBEf g * J: 

(2), (3) C01#TtS?Sj 1 a, (2a), (3a) 
tJEMRI-SHU fi7-f;^Tl-f 5 c©ll&§© (G, M 
g) 4> (Cy, Ye) ©£y?ttB{*Jlft*?5©flX 

©e^©2fgK3j$;**iT^£;fc«K £H£ffi*f0«»r 

©Tn £fcUT»ftffl-%fc#UT%*"rft«ttffl-*«tt 
fc<<&£. b#U H#»** : F5©X«liHltfi7 

friWEX- » 3 «t -5 K^9©*>rAttft*tt£-*-*lK 
&<> :ol^l:t*?a!iD-;U7'f 1, 

(2), (3) ttl/>X4 0«P«««fttC»J«bt«/a 
$ *IT ^ £ Z 1 4«f at £ bT U 5 . 

[0018] SR 1 ~SI 3 iMWtfWP-^U 
7<N1>*1, (2), (3) ©mMMJla, (2 
a) , (3a) ©JBttiKWJ-SIUCx 1/>X4©$& 
JKWttfcowtBI7 (A) ~ (C) tJgWtKW-*-*. 

[0 0 19107 (A) KwbfeiSfc* V>X4<DM 

&m£Zetim*zmm&i i tt ix, -«s^fci/>x4 

©-f t-VV— »;m»LTH#JHM8?5©H#5 a 
{iKE«tfc^3 : 4CJBfite*VT*»K ^©Bft]|«0R? 
5 ©■# 5 a tttJ&LX V >X 4 ©<gj®Ii*M afc&Jg 
U J.O, £OTtt4a©4<b*£M|[|iifr(0.0Y)£-*- 
i. *UTs **4^(0.0Y)#&fi«l»4a®:3--7- 
4a,fcfiI*-?T»ft«lt3l*» Cffl»A«©**L© 
7OX©#rtjAt(0.7Y)jSl, jttAM©ft»L©10 0X 

©3-^jSit(i.oy)*i:»«"r*. ^ite>(o.7Y)^, 

(1.0Y)AI*£SB4*4 artCH*LfcJ:S 4jWjr*<$r# 

u £©»fc»©*fli:na-ra#flfts*fii:ttrr 

[0 0 2 0] 07 (B) fc*l/fc-«0U>Xfc 

*tta«HMM*tttt, 2nmHRftgfftt£J:SMTF 

(Modulation Transfer Function )<ft&.-2&Mm%Z. 
ZZX\ -«0Ui'X0MTF«tt (ffftKtttt) ft± 
K*»*ifr(0.0»), (0.7Y)jft, (l.OYMUfcoivc*** 
*«M''fr(0.aY)l*|f*jW*<, C©^HS4> 



*©©*«*#*< * *fa*/^(o.oY)*^sfnTfi : <^ 
■at »««*fi < k&tafttfiib *> , ±i3#«<pi&(o.o 

Y), (0.7Y)*, (l.OY)jft0)IIfcl/>X0MTF«ftt (ill 
&JKfttt) #£ftbT^33fc#0*A>$W£A>-t-<& 
5. ft« *«>t'i&(O.OY)tt**«0fc«)MTFWttS:* 
6tt*fSfcfcH#» (0.7Y)£, (1.0Y)AttBI«l/fcJ;a 
tMTF4$tt#M£|p), S*|Sl{C*|p)tt*^o*©T-* 

[0 0 2 1] 07 (C) C>j*LfeflW!©l/>Xfc 

*lt«MTF«tt (DPttKKtt) *u #*>p»&(0.0Y), 
(0.7Y)£, (1.0Y)j&©J^£fcLT^aCfc#H**»& 
Ute****^ ft(4jlli07 (B) t^bfcffii:(iP 
&£fil£^bT^5o C©«fc$£, {£ffl?3l/>X4K 
ioTMTF^tt ($&£&&) ttH*«t>0®, ftft 

ttMT Ftttt#a*R*flS*-.6*fc#» 5 C fctt#»T»* 

■So 

[0 0 2 2] CCTn *ft«£ftfc3£l~£3*ffi0! 

0Jfc*Wo-/t^ 7 -f 1 ~ 3 ©g||f4S?ffi 1 a~ 3 
a©JKttC-3V^tH27SSH7*MV^TKWr4. 
[0023] H2aVH3C5<bfem<, IBIS 
*M(D%&it}B—}\7>y 4 A/9 lfli, 0#fK?9ila 
W^X4©ft«]*/|>8|5ifi&T-15?&j8©iS^xiJ7 
fc»J6Lfc#l**«fo»jettl a,t, l/>X4©*tt* 

?> *fl0jnafls-?i?ft&0ffivix y 

bfc«a»l a a i:C2dtltTJBJ«**tTV>4. 
[0 0 2 4] ZZX\ ^Sf)D-;U7^;^l©l#f 
tS^ffi 1 art0ftM'p'C»flS£& la.li, «tt©lHl*ftS 
Kn^s in*-7*CS-SV>"r{B*lfff-P 
MflCflMStVtfctK C©B#ftt?K i,ttl/ 

>X 4 0^Mip<jvajE«?ff «lJK©it5V>x "J t fc»|6 b 

5cOlIO (G, Mg) (Cy, Ye) OKyfC 
<t s f&e « 9 * ± t b T m ffi T* # S i o fc ft o T V > S 
B(*4IMR?5®lBX©^yf'icJ:&ftfll9«ffi 

£E•r•tS<t^^C5o^oTV^4o lalJftS?®l art© 

^ag|51a 2 tt, *tt0E*f»^K, a *«sin*-^ 
t*^V^fift K»f P ! zT-Gflflt^^nT* »> » 
fio, Zl©|Hl«f1 l S?K l2 {il/>X4©^iag|5©)l?^S 
0fiTC»J6UTV^*fe», ieftbr^^PiztCt?)^ 
feM^StFfiSffi^4^||||*,t>g|53£^ 1 a J; t> « jg«J bt 

a , ©ElSffe^ K , , fc % iSiagP 1 a zCIUJftS^K 
, 2 fc©«JMMMt&« 6 *»tg^$tl-5 J; o t^J5E$ 
n•rv^5i:ttt^ E»ftt?K,,, i2©[!3£i©^$tt 

[00253 zzx\ mi mmmx'&ftm*it,'>®i&8 1 

a ,0Eiff*?K 7 (B) , (C) C5% 

l/fcP>X0*M«pi&(O.OY)iEff©MTFWttC«»l6 



maimi (b) , (o t^bfci/>x©(o.7Y);&fi 

«OMTF«fttC*»i6bTJBJSKSnTV^S. £©», 
0 7 (B) , (C) t^bfcidt:b>XCD(0.7Y)^3fi 
ttfttP >X©MT F^tt#M£|nl£: S^lalhT'M^fe 

[ 0 0 2 6 ] ±§E©<* -5 £ftM4><bffi£ft 1 a , £J3i3 
$ 1 a 2 i:T-2^fijUTIl]#ffe?Ml a%»«Ufc** 
(JD-/^7^*10MTF»8I4 > 06 (A) fcjj* 

bTtte«**»£E1-afe»©»«ffl**f a 

Ha»la 2 <DEl*f» : 3 1 i2fcA-5t±i:tT 

ftft€^*««b-r»jBEtsfe»©aKiaiMRf a I2 

[ 0 0 2 7 ] Z.(Dffi. 

P,,:si n*-^CSr50TJgjab*ll*f»^K 

P 12 : sinA-^cat^V^atfelUftt^K 
i 2 ©fi*Kf *\ 

fc-fat SllrK^KuC^SXHrAttRf a n » 
V0*f«? K , 2 fc ct «XRfn«Rf a , 2 tt, 

* a 1 1 = P 1 1/2 ay 
f a i2 = P 12/2 ay 

12*©"^ KKAttftf an<XKAXftf a ls 

fcfc!>. 06 (A) C5*Lfc»<©8l*HW©jte¥W 
n— yt^7>r;i/^ lc*»SMTF1Stti:as. ft, IE 

s i nA-Xta^TEWrtg^K, !, K 12 £ 

»«-r*iii, »*©sv>MTF«ftt*»»e>na# N ie*s 

*aa*it*Tf«ia*nH»e«^«©a(rfli«R©fli 
ti»«^ffl©XK«»»#»at»&*is*^iT?ttff 

[0 0 2 8] ±«©J:^fc»rtLfe*l*ii«©**W 

ffl*«*ifr»a«"ej»«it©*v^xij7'C»i6Ufc*«i 

^tMla.h, UVX4©*l8*ifr»e»J;!>* 

«cD«a»-e»«K©fiv^x y rcjtjfcbfcflaw 1 a 

a fcfc»tl»J*U So, mrtnbffit8 1 a i©l*f 
^iSSB 1 a 2 ©E#ft&?K 12 ©tf-y^P 12 £: 

u>x4©»^js©<STtffo'rja 

1 a a -Ctt*«|*it»»fi«l a,*Dfiae^»Vfl 

se^E7i/S^*tr*/^>xM<«iE'r-t^ d©*s 
a^ftH©«*u>x5awainMi«©*¥«o 



[0 0 2 9] H4 (A) , (B) CSbfeftK. 
*»Wfc«*>a!B2Siaifli©3fc^Wn-^7-f 2 
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jg©{SV^xU7tC^J55bfeff^jaa5 2 a 2 , MIAiS 
» 2 a 3 fctC3#fybTffM$nTU£o CCTt, * 
$«D-^*7 4;b*2©E*f«mB2 a|*|©ft*|&*'i> 
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©Ky^p,,{±»t»jss*n» w$mmN2 a 2 ©@ 
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*1JS3^2 a 2 ©®lTl«?K 22 #0J;Ltf07 
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3B ©Ky^p 32 p 3n \mmtfat!"3xm£ 
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